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DOES EJACULATE VOLUME VARY WITH SURFACE AREA AND SURFACE AREA
TO VOLUME RATIO IN CENTROBOLUS COOK, 1897?
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University of Stellenbosch, South Africa.
Abstract- Ejaculate volume and surface area and surface area-tovolume ratio were checked for correlations in the red millipede
genus Centrobolus. There was a relationship between male and
female surface area and ejaculate volume (Kendall's τ=-0.91, Z
score=-50000, n=4, p=0). There was a significant relationship
between male and female surface area-to-volume and ejaculate
volume (r=-0.99, Z score=-2.50, n=4, p<0.01).

I.

INTRODUCTION

The millipede genus Centrobolus Cook, 1897 is
found in the temperate South African subregion, its
northern limits on the east coast of southern Africa
being about -17° latitude South (S) and its southern
limits being about -35° latitude S [4, 30]. It consists of
taxonomically important species with 12 species
considered threatened and includes nine vulnerable
and three endangered species [33]. It occurs in all the
forests of the coastal belt from the Cape Peninsula to
Beira in Mocambique [32]. Common with worm-like
millipedes is the surface area and surface-area-tovolume ratio known to differ in several populations
of the genus []. These worm-like millipedes show
female-biased Sexual Size Dimorphism (SSD) [3-26].
Surface area and surface-area-to-volume ratio may
correlate with precipitation and may determine the
ejaculate volume which correlates with the copulation
durations [13, 29-31]. Ejaculate volumes and surface area
and surface area-to-volume ratios are tested for a
correlation with ejaculate volume during the breeding
season in the pachybolid millipede genus
Centrobolus. The aim is to determine if there are
correlations between surface area and surface area-tovolume ratio across several species.
II.

and ejaculate volume (Figure 1: Kendall's τ=0.91287093, Z score=-50000, n=4, p=0). There was a
significant relationship between male and female
surface area-to-volume and ejaculate volume (Figure
2: Pearson's r=-0.98672981, Z score=-2.50436264,
n=4, p=0.00613363). These differences are linked to
the effects of surface area and SSD differences
between the species.

FIGURE 1. A significant relationship between male and female
surface area and ejaculate volume in Centrobolus Cook, 1897.

RESULTS

There was no relationship between male and female
surface area and ejaculate volume (r=-0.75363116, Z
score=-0.98130706, n=4, p=0.16322067). There was
a relationship between male and female surface area
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surface area and SSD differences (65%) between the
latter two species.
REFERENCES

FIGURE 2. The significant relationship between male and female
surface area-to-volume and ejaculate volume in Centrobolus Cook,
1897.

III.

DISCUSSION

Two significant relationships were found between
surface area and surface area-to-volume ratio and
ejaculate volumes in sympatric Centrobolus.
Centrobolus has surface areas that correlate with
ejaculate volume. This study found the surface area
and surface area-to-volume ratios recorded in
Centrobolus were negatively related to ejaculating
volumes. So both factors probably determined the
opportunity for selection, degree of polygynandry,
and ejaculate volume in these species. This study
supports using the surface area-to-volume ratio as a
correlate of ejaculate volume across Centrobolus.
Examples of ejaculate volume varying with surface
area-to-volume ratio are unknown. Ejaculate volume
variation with the surface area-to-volume ratio occurs
during seasonal activity patterns in species as such:
millipedes [27, 28]. The surface area-to-volume ratio
can determine the ejaculate volume and covary with
many other factors. Spatial changes in habitat
preference are known in C. fulgidus and C. richardii
[29]. These differences are linked to the effects of

[1] O. F. Cook, "New relatives of Spirobolus giganteus,"Brandtia
(A series of occasional papers an Diplopoda andother
Arthropoda), vol. 18, pp. 73-75, 1897.
[2] M. I. Cooper, "Mating dynamics of South African
forestmillipedes
Centrobolus
Cook
(Diplopoda:
Pachybolidae),"The University of Cape Town, South Africa,
pp. 141, 1998.
[3] M. I. Cooper, "Elaborate gonopods in the myriapod genus
Chersastus
(Diplopoda:
Trigoniulidae),"
Journal
ofEntomology and Zoology Studies 2015; 3(4): 235-238.
[4] M. I. Cooper, "The affect of female body width oncopulation
duration in Centrobolus inscriptus (Attems)," Journal of
Entomology and Zoology Studies, vol. 5, no. 1, pp. 732-733,
2017.
[5] M. Cooper, "Centrobolus silvanus dimorphism based
ontergite width," Global Journal of Zoology, vol. 3, no. 1,
pp.003-005, 2018.
[6] M. I. Cooper, "Sex ratios, mating frequencies and
relativeabundance of sympatric millipedes in the genus
Chersastus (Diplopoda: Pachybolidae)," Arthropods, vol. 3,
no. 4, pp.174-176, 2014.
[7] M. I. Cooper, "Confirmation of four species of
CentrobolusCook (Spirobolida: Trigoniulidae) based on
gonopodultrastructure," Journal of Entomology and Zoology
Studies, vol. 4, no. 4, pp. 389-391, 2016.
[8] M.
I.
Cooper,
"Tarsal
pads
of
Centrobolus
Cook(Spiroboloidea:
Trigoniulidae),"
Journal
of
Entomologyand Zoology Studies, vol. 4, no. 3, pp. 385-386,
2016.
[9] M. Cooper, "Julid millipede and spirobolid millipedegonopod
functional equivalents," Journal of Entomologyand Zoology
Studies, vol. 7, no. 4, pp. 333-335, 2019.
[10] M. I. Cooper, "Sexual size dimorphism and corroborationof
Rensch's rule in Chersastus millipedes," Journal
ofEntomology and Zoology Studies, vol. 2, no. 6, pp. 264266, 2014.
[11] M. I. Cooper, "Copulation and sexual size dimorphism
inworm like millipedes," Journal of Entomology andZoology
Studies, vol. 5, no. 3, pp. 1264-1266, 2017.
[12] M. I. Cooper, "The relative sexual size dimorphism
ofCentrobolus
inscriptus
compared
to
18
congenerics,"Journal of Entomology and Zoology Studies,
vol. 4, no. 6,pp. 504-505, 2016.
[13] M. I. Cooper, "Size matters in myriapod copulation,"Journal
of Entomology and Zoology Studies, vol. 5, no. 2,pp. 207208, 2017.
[14] M. I. Cooper, "Relative sexual size dimorphism
inCentrobolus
digrammus
(Pocock)
compared
to
18congenerics," Journal of Entomology and Zoology
Studies2017; 5(2): 1558-1560.

MARK I. COOPER/

153

International Journal of Engineering Science Invention Research & Development; Vol. IX, Issue 5 , NOVEMBER 2022
www.ijesird.com, E-ISSN: 2349-6185

[15] M. I. Cooper, "Relative sexual size dimorphism
inCentrobolus
fulgidus
(Lawrence)
compared
to
18congenerics," Journal of Entomology and Zoology
Studies,vol. 5, no. 3, pp. 77-79, 2017.
[16] M. I. Cooper, "Relative sexual size dimorphismCentrobolus
ruber (Attems) compared to 18 congenerics,"Journal of
Entomology and Zoology Studies, vol. 5 no. 3,pp. 180-182,
2017.
[17] M. I. Cooper, "Competition affected by re-mating intervalin a
myriapod," Journal of Entomology and ZoologyStudies, vol.
3, no. 4, pp. 77-78, 2015.
[18] M. Cooper, "Re-assessment of rensch's rule inCentrobolus,"
Journal of Entomology and Zoology Studies,vol. 5, no. 6, pp.
2408-1410, 2017.
[19] M. I. Cooper, "Sexual size dimorphism and the rejection
ofRensch’s rule in Diplopoda," Journal of Entomology
andZoology Studies, vol. 6, no. 1, pp. 1582-1587, 2018.
[20] M. I. Cooper, "Allometry for sexual dimorphism
inmillipedes," Journal of Entomology and Zoology
Studies,vol. 6, no. 1, pp. 91-96, 2018.
[21] M. I. Cooper, "Trigoniulid size dimorphism breaksRensch,"
Journal of Entomology and Zoology Studies, vol.6, no. 3, pp.
1232-1234, 2018.
[22] M. Cooper, "A review of studies on the fire millipedegenus
centrobolus
(diplopoda:
trigoniulidae),"
Journal
ofEntomology and Zoology Studies, vol. 6, no. 4, pp. 126129, 2018.
[23] M. Cooper, "Centrobolus anulatus (Attems, 1934)
reversedsexual size dimorphism," Journal of Entomology
andZoology Studies, vol. 6, no. 4, pp. 1569-1572, 2018.
[24] M. Cooper, "Centrobolus sagatinus sexual sizedimorphism
based on differences in horizontal tergitewidths," Journal of
Entomology and Zoology Studies, vol.6, no. 6, pp. 275-277,
2018.
[25] M. Cooper, "Centrobolus silvanus dimorphism based
ontergite width," Global Journal of Zoology, vol. 3, no. 1,
pp.003-005, 2018.
[26] M. Cooper, "Xylophagous millipede surface area tovolume
ratios are size dependent in forest," Arthropods,vol. 8, no. 4,
pp. 127-136, 2019.
[27] J. M. Dangerfield, S. R. Telford, "Seasonal activity patternsof
julid millipedes in Zimbabwe," Journal of TropicalEcology,
vol. 7, no. 2, pp. 281-285, 1991.
[28] J. M. Dangerfield, A. E. Milner, R. Matthews,
"Seasonalactivity patterns and behaviour of juliform
millipedes insouth-eastern Botswana," Journal of Tropical
Ecology, vol.8, no. 4, pp. 451-464, 1992.
[29] M. D. Greyling, R. J. Van Aarde, S. M. Ferreira,
"Seasonalchanges in habitat preferences of two closely
relatedmillipede species," African Journal of Ecology, vol.
39, no.1, pp. 51-58, 2001.
[30] M. L. Hamer, "Checklist of Southern African
millipedes(Myriapoda: Diplopoda)," Annals of the Natal
Museum,vol. 39, no. 1, pp. 11-82, 1998.
[31] W. D. Hamilton, "Extraordinary sex ratios," Science, vol.156,
no. 3774, pp. 477–488, 1967.

[32] R. F. Lawrence, "The Spiroboloidea (Diplopoda) of
theeastern half of Southern Africa*," Annals of the
NatalMuseum, vol. 18, no. 3, pp. 607-646, 1967.
[33] R. P. Mailula, "Taxonomic revision and Red Listassessment
of the ‘red millipede’ genus Centrobolus(Spirobolida:
Pachybolidae) of South Africa," TheUniversity of KwaZulu
Natal, xxiii+289, 2021.
[34] D. K. Mclain, "Prolonged copulation as a post
inseminationguarding tactic in a natural population of the
ragwort seedbug," Animal Behaviour, vol. 38, no. 4, pp. 659664, 1989.
[35] L.
L.
Wolf,
E.
C.
Waltz,
K.
Wakeley,D.
Klockowski,"Copulation Duration and Sperm Competition in
WhiteFaced
Dragonflies
(Leucorrhinia
intacta;
Odonata:Libellulidae),"
Behavioral
Ecology
and
Sociobiology, vol.24, no. 1, pp. 63-68, 1989.

MARK I. COOPER/

154

